Flexible mechanical elements (belts, chains, ropes) are used in conveying systems and 
transmit pnwpi over long distances (instpod of using shafts and gears). 

The use of flexible elements simplifies the design and reduces cost . 

Also, since these elements are elastic and usually long, they play a role n sbsorbnR 
shock loads and reducing vihratinn^ 

Disadvantage, they have shortei life than gears, shafts, etc 
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There are four basic types of belts ( Table 17 -l Y 

Flat belts ~ crowned pulleys. 

Round belts ~ grooved pulleys. 

■ V-belts ~ grooved pulleys. 

Timing belts - toothed pulleys., 

^ Ribbed belt 

Characteristics of belt drives; 





Mat belt 


Pulley axis must be separated by certain minimum distance. 
Can be used for long center distances. 


KC^t for timing belts, there is some slipping between belt and pulley, thus 

constant or equal to the ratio of pulley diameters. 
• pulley can be used to maintain tension in the belt. 





































con I i lined 


• There are two main configurations for belt drives; open and crossed { Fig 17 - 1 ) 
where the direction of rotation will be reversed for the crossed belt drive. 

• The figure shows reversing and non-reversing belt drives, always there is one loose 
side depending on the driver puljev and the direction of rotation. 


Figure 17-1 





























Figure 17-1 

ft III 'll (-• (^j) Open 

Ml ii l v^ rossA^n Ml 


Fig. 17-2-a: 

sliows the loose and 
lighi sides of the 
belt. ■ 




Fig. 17-2-c: 

shows reversing 
open-belt drive 
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_ Otil continued 

allows flat belt drive for out of-ulane pulleys. 

shows how clutching action can be obtained by shifting the belt from 
loose to a tight pulley. 

F/q. ( 17 - 5 ) shows two types of variable-speed belt dri\/pc: 



I 
M 

't 4i 

n 

Fiaure 17-3 Fiaure 1 7-A 




Figure 17-5 



























































Flat belt drivers produce very little noise and they absorb more vibration from the 
system than V-belts. 

Also, flat belts drives have high efficiency of about 98 % (same as for gears) compared 
to 70-96 % for V-belts. ^ * I 



where: D : diameter of larger pulley 
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• Tight side tension; 



'\\ 




Loose side tension: 



Figure 17-7 

I ; ki ! I I 1 rf- I 
|.uV 


* * t 



where 


f '}: initial tension, /v.: hoop tension due to centrifugaf force, 

jT * 

and A/* ; tension due to transmitted torque. 


Or AAtHkMzi 
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l \ - /* — 
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' /) 
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ontiiiiifil 


The centrifugal tension /■; can be found as; 

1 ' ' ^ 

= /;//• rf 

where rr. is the angular velocity, & /;/: is the mass per unit length. 


It also can be written as: 


























The belting equation relates the possible belt tension values with the coefficient 
of friction and it is defined as: 


/-; - /•' 


= c 




n ^ 7) 


Note that 0/5 the smallest 
yah IP of the ran tort angle 


where /: coeffici ent of friction; //>; contact ringle. 

By dividing equation 1 by equation (*), and using the last equation, we 
can-find the relatiop between /•' .:,nrl 7 ’ 35.01 van .be low:_ 



1 7 . 


Mlain wfjiyqlue of 1 , needed to transmit 
a cpitdin valiip nf fniqup without 'lipping 


This equation sliows that if is zeio; then 7 is zeio {i.u. llictt' /s tto 
transmitted torque). _ 

' ^5- .Pc 


\rJkeV\ ^ 
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Flat and Round-Belt Materials 
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Table 17-3 
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Velocity Factor 
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Figure 17-9 
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The tiansmitted horsepowei can be fourul ay. 

H-^iFi-r.) 17 > 3000 ^ 




^ However, when designing a desi»:n fjttot //,< rieeds lo be intiutletl lo act ourit for 
unquantifiable effects. Also another con ection factor A\. is included to account 
for load deviations from the nomirral value (i.e., ovet loads). 


• Thus the design horsepower is: 

T-------; 

► Used when designing a belt drive j 


Xotc: A., can he ohlaincd from Table 17-15 
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Answer TIk- co.nlMi.ali.M. (/',/•,. aiul I , uill UanMiul (lie .le.ivii |i..nsoi .•! I >( I .:5m I h Ni/. 
lip an.1 proloci iho Ivli. \\V r luvk ihe liu (ion .levelopiiioni l'\ '‘.h in* *.' I -i / 

/'= ' In"''-- L 

' </» /'■“/; VoKo | 7 V 4 

lTt>in Table 17-2. / =().S. Snav / ' ‘ / . lhal is n a;s . O Hn. iluii mxlaii’-ei ol 
^lippinp. 


1(1 


Answer 

Answer 


ih, - 


// 


2 <bf> 


f It\s »in \ 15(1.25) 


I. I (as (eJ) 


Iho ivh IS sahsLuioiA aiul iho nKiMiniiin allowahio boll lonsion ovi^is II iho iniUil 
loiisi^ai is inainiainoil. iho oapaoiis is iho dosion p(»\vor nl 2 h.(> hp 
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Example 17-1 (Alternative solution) 


EXAMPLE 17-1 .\polyanmk‘A-.1 Hal boll b in wiJo is used \o iransmu Is lip uiulor liohi shook ooikIi 

* iii>ns whoio K, = 1.25 

The piillov rtilalional a\os aiv par.illol and in iho hori/i*nial piano. Tho shalis arc S It 
.iparl 'I ho b-iii ilrnina piillo\ iMlalos al 1750 ro\/niin in siu h a \va\ lhal iho ltn»so sulo 
is nn it»p. Tho drivon pulloN is IS in in iliainoior. Soo l io. 17-10 

Tsiiiiiaio iho laoun td^aloiy Is ii saiislaoiors ! 



Hv li Mn S tt I m 

15 hr 


^ =J t» iU2 


Ih! 


a^(»in./» I Sin 


Solution 

1a| ( 17-h; 


<!> 


hf = TT — 2 ''in ' 


IS - 


z= i .ul 


c\|M / </>l 

\’ 


:(s»i: 

0\|i|ll.S(.5.<lUi5)l = I I ■ I7 
;r(6il75l)/ i: = 27 l^) H/nini 
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V V M) / 72 17 \ ('ti / fe 

I lom r.il'k' 17-2 /•,, •— lt>(i ll'l I t»i |’i>|\.iiiuiK' Ih II' < , I .iii'l li'xn I il'h | i 
= (( 7(» I iniii I i| ( I ” I 2' lIlO .llli>U;il>K' l.ll'TsI lu ll IriiMiill ( / I I, I 
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I / I 
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so wc ciin write 


Now. the allowable power 
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— 

lor 

IL 

= (420 b().‘) ) 2740/ 3 )0()0 20.9 hp 


/)().<) Ib| 


Now. the faclor orsafclv is oblaiiK'd from //(, ~ //, (//ii,.m/7 ' 


That is "! 


= 2‘).9/(l.S)( 1.2.5) I..59 


So the belt drive is satisfactory (safe) since the lactor of safety is greater tluin I 
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Dip of Flat Belts 
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* lU'll lUak'rial 
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* livll \v itlih;/> 




Summary Note 


One can show that the following relations are correct: 


(/■ = \2yhf = 112)'/1/> = 

( / 11., = , = ( /;.C „C . \h = ,i,.h 



1 /'i i„ - r« = :r ./ = t.x (mm)h V =(t»Mw K \ 

r\ = I/••, I., -1(/, K - 1 =-:/ j 



u/,. — ii \h — IT ii 
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V\p( /<>! 


V e\p( /«:>» — I 
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I ''<XK)//_ vxp* / "> I 
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• Iniiiiil iciiMiMi iii.iuili.'ii.iiKO‘v .ilon.ii \ 

• In'll in.ilv'ri.il; pi*l\;iiiihU' 

• I >riN v' i.*«.'oiiK'ir\. (/ /) 

V. « t 
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I ho l.isi lour i-oiilil Iv ilo^ipu \<ii i.ihlos, I oI’n iii.iko j low iikmo .1 pil'MT 'll t l•>l"l^ 


Decision </ = 1(> lu. 1) — I.ISI = 2.25( Un = in. 

\ 
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Solution of PlOt)l(^ni I7“'3 conlinued 


Uso :i iiio IIuhI oI liiaK. linInilK /> = (> m 

ydii t(4Si( ^SOi 

= -p-= 477.^ II linn 


11— \ 2yhl — 1 2tO.(i42)( ('1(0.1 .k = Ihi/H 


II \ - 0..<^'.k4755 (>0i- 

/; =- =-= 77.4 ll'l 

.'2.174 

^ ^ 025i I. I K I ii f'O) 


T = (V' (1:5/'/,,..,„A\//.//// 

2( 10‘)4n, 


.'SO 


= lO'Mf' ll'l • III 


X/ =2i 

./ 


4.S 


= 45('. I Ihl 


I \ — ( / I kl —/>/„( p( = (m l(K)l( 1 K 1 I = (>(|() iiii 

/ > = / , .\/ = noo 4.>(>.l = I4.'.0 Ihl 

.' _ '1 / ^~ \ "' -I \ 

(\i \ / 2 ~ / , / T ** V 14.vM — 77.4 ) < f- 0.8 , so okay 

/. — (^( ■ — I/) — (/> 1 ’ ' -f -1 1)1*1) -h L — 534.S in 

So vve choose polyamide A-3 Hat belt with A = 6 in. / = 0.13 in. and L = 534.8 in. 

NiMV*- ^mm ~ ' which makes / equals / = 0.8 and makes / , and / min . : and this improves the life 

But unlortunatelv, h = 5.7 in is not available and the nearest available belt width i.s A = 6 in. 


























The cross sectional dimensions of V-belts are itsndsi'diz^d . iich dfuf/utht^ ^ 
certain cross section (see Table 17-9] . 

i 

• A V-belt can be specified by the cross sefction fitter followed by the iriMJe 
circumference Ipn^fh 

*** Table 17-10 gives the standard lengths for M-belts. 


■ However, calculations involving the belt length are usually based on oitch length 
for standard belts. 

V Table 17-11 gives the quanti ty to be added to the inside length. 

ExmjJlk- I'itch Icngdi ol'liJS hell is 75^1.H 7(kH mm J 


The standard angje for the V-be/ts cross section is ^0'; however the sheave anglers 

^htly smaller causing the belt to wedge itself irfsJSe the sheave to increase 
friction. 

The operating Sjoeed for V-belts needs to be high and the recommended speed 
range is fro m 5 to 25 m/s . Best performance is obtained at speed ot 20m/s. 
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• Hofit^powt^r 

lolilSJLZJLL the horsepower rating for each belt cross-section ioccordir)q^^f^^ 
ihpave pitch diameter aTiSHeJfspeed). 

• The .jllowable horsepower per-belt, //„ js found ^s; 


//, 


tit 11 


Po wer that can be 
transmitted by each belt 


where, 


from Table 17-12 

A.'/; contact angle correction factor ( Table 17-13 ). 

Note : the contact angles for V-belts are found using the same 
equations used for flat belts. ' 

A ; belt length correction factor (Table 17-14). 
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V-llat drive; is a V'-bcIl 
drive v\ hich uses a Hal 
pulley on one or more 
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• \ The belting equation for V-belts is the same equation used for flat belts. The 
effective coefficient of friction for Gates Rubber Company belts is 0.5123 


Thus, 


F. - F. 



Where the centrifugal tension F^ is found as: 

/ \ 


f'e = 


{ H)( 


) 


(17 21 ) 


AV. accounts for mass of the belt { Table 17-16 ). 
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where n (rpni) and (/(in) are for the dfi\^|j)iilley.-i 

UMII IIk* tk'llllllU'll «>l A/ . iho UmsI U'llNli*!! / ' is 
■ 



l/\ = /*, - A/ 


And F^'is found as: 
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V- Belts coiitiiiiicci 


• force analysis, the tension 

induced from bending the belt was 
^ ignored (since belt thickness is not that 
large), however, in V-belts the effect . 
of flexural stress is more pfonounc^, 
and thus it affects the durability (life) 
of the belt. The figure shows the two 
tension peaks J) /; resulting from 
belt flexure. ^ 

■ The values of tension peaks are found as: 
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• The lifp nf \/-hplt«; Hpfinpri a«; thA nump^ of oasscs the belt C3r\ do (\ ), a pel it 

found as; V- .- - ' 

I- * "in “ 

, _i. .. -Ill"* 

’1 



where K A- h are found from Tabic 17 17 





r life time in hours is found as: 


/ 


(17 > ) 


7 'n\’ /. where I' is in units of ft/niin anti A/>in inches 


Note: k A- h values given in Table 17-17 are valid omy for the indicated 
range. Thusjf A^j s found -tcLbe larger than 10^ it is/ rep orted a s X;-=10' 
and life time in hours "t" is found using 
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Solution of Problem 17-18 
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* Basic tcatiires of chain drives include: constant ratio, 
slippage or creep is involved; long life; and the ability to tir-^''' 
number of shafts from a single source ot power. ^ 

* Roller chains have been standardized as to sizes by the ANs\ 
Figure 17-16 shows the nomenclature. 
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trouble strand 
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U. Mh 


. 1 - 


Single strand 


• These chains are manufactured in single, double, triple, and quadruple stro 
The dimensions of standard sizes are listed in Table 17 - 19 . 
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